Background--Aspecific scoring systems are used to predict the risk of death postsurgery in patients with infective endocarditis (IE). The purpose of the present study was both to analyze the risk factors for in-hospital death, which complicates surgery for IE, and to create a mortality risk score based on the results of this analysis.
O utcome in patients with infective endocarditis (IE) is a complex process, mediated by the immune system, and a function of interactions between patient-related factors (eg, demographic data, risk factors for cardiovascular disease, underlying cardiac disease, and comorbidities) and the properties of the causal agent (eg, nature, virulence, and antibiotic resistance). In 25% to 30% of cases, medical treatment alone is inadequate and must be combined with surgery, which aims to control infection by debridement and removal of necrotic tissue, and to restore cardiac morphology by surgical repair and/or valve replacement. Cardiac operations in some of these critically ill patients may be challenging and yield poor early and late results, even when carefully performed. Mortality rates have been reported to range between 10% in elective patients and up to 30% in urgent surgery. Prolonged invasive ventilation, low cardiac output, acute kidney injury, sepsis, and bleeding are frequent postoperative complications. [1] [2] [3] Consequently, for patients with IE, risk stratification is important not only for the surgeon for decision making, but also for counseling of the patient and comparative assessment of quality of care. Currently, the risk of mortality postsurgery for IE is estimated using predictive scoring systems that have been derived from patient databases where most of the patients had had cardiac operations other than those for endocarditis. [4] [5] [6] [7] Because of this inherent limitation, the utility of these aspecific predictive systems for patients with IE has been called into question. [8] [9] [10] [11] [12] [13] In fact, specific scores to predict inhospital death postsurgery in patients with IE have also been devised, [14] [15] [16] but with no external validation, and their impact in clinical practice is unclear.
In this context, we performed a prospective, populationbased observational study in 8 European centers of cardiac surgery. The aims of the study were both to analyze the risk factors for hospital death and create a risk score based on the results of this analysis.
Methods Study Patients
The study population consisted of 361 patients who underwent surgery for IE: (1) 138 consecutive patients (mean age, 60.6AE8.5 years; 19.6% females) who were operated on between 2000 and 2015 at the Cardiovascular Department of the University Hospital of Trieste, Trieste, Italy; (2) 223 consecutive patients (mean age, 58.2AE15.6 years; 22% females) who underwent surgery in 2008 in 7 French administrative areas: greater Paris, Lorraine, Rhône-Alpes, Franche-Comt e, Marne, Ille-et-Vilaine, and LanguedocRoussillon. The adult population in these areas (15.3 million inhabitants) covers 31.9% of the overall French population aged >18 years. 11 The French centers are grouped in the Association for the study and prevention of IE (Association pour l' Etude et la Pr evention de l'Endocadite Infectieuse; AEPEI). Since 2001, the members of the AEPEI (see Appendix for full list of members) are enrolling patients with IE in each of the French administrative areas in an ad-hoc prospective registry. 17 In 2008, the data collection was particularly exhaustive, comprehensive, and accurate because it coincided with an epidemiological study performed by the AEPEI to update national data regarding the epidemiology of IE in France. Only definite cases of IE, as defined by the modified Duke criteria, 18 were included into the present study. For all patients, baseline characteristics, surgical and endocarditisrelated features, as well as postoperative complications were prospectively recorded in a computerized data registry. For each center, approval to conduct the study was acquired from the local ethics committee. Patients were informed about the study, but were not required to provide individual consent, in accord with French and Italian legislation. A risk factor analysis for in-hospital death postsurgery for IE was performed and a predictive scoring system, named the AEPEI score, was devised from the results of the analysis. External validation was performed using data from the AEPEI registry of patients with definite IE who underwent surgery between 2001 and 2015. The validation sample comprised 161 AEPEI patients for whom there were sufficient data to calculate the AEPEI score. The 223 AEPEI patients operated on in 2008 and included in the present study had been excluded preventively from the validation sample.
Definitions
Unless otherwise stated, the definitions and cut-off values of the preoperative variables were those used for the European System for Cardiac Operative Risk Evaluation (EuroSCORE). In particular, critical state was defined as the presence of ventricular tachycardia/ventricular fibrillation or aborted sudden death, preoperative cardiac massage, preoperative ventilation before anesthetic room, preoperative inotropes or intra-aortic balloon pump, and preoperative acute renal failure (anuria or oliguria <10 mL/h). 5, 6 Myocardial infarction (MI)
was defined according to the recent definition criteria of type V MI by Moussa et al. 19 Acute kidney injury was defined as an increase in serum creatinine of 1.5 to 1.9 times the baseline level or serum creatinine increase ≥26.5 lmol/L within 7 days postsurgery. 20 Sternal wound infections were graded according to the Centers for Disease Control and Prevention definitions of surgical site infections. In brief, superficial incisional infection involves only skin or subcutaneous tissues, deep incisional infection involves deep soft tissues (fascial and muscle layers) with or without the sternal bone, and organ/space infection involves the mediastinum (mediastinitis). 21 For the purposes of this study, deep incisional infection and mediastinitis were considered to be deep sternal wound infections. Any sternal wound infection occurring within 3 months postsurgery was considered as postoperative wound infection. 
Statistical Analysis

Results
Italian Versus French Study Patients
There were some differences in baseline characteristics, surgical data, and endocarditis-related features between the Italian and French patients of the study. The rates of preoperative dialysis, Canadian Cardiovascular Society (CCS) class 4, previous cardiac surgery, urgent/emergency priority, and combined coronary surgery were higher in Italian patients, whereas poor mobility, recurrent embolism, and active endocarditis were more frequent in French patients. Baseline levels of C-reactive protein were higher in Italian patients (Tables 1 through 3) . Overall, the expected operative risk was higher in Italian patients than in the French series (mean EuroSCORE II, 15.9AE18.7% versus 9.9AE3.6%; P<0.0001). In-hospital mortality was higher in Italian than in French patients (20.3% versus 12.6%; P=0.049); 30-day mortality was also higher in the Italian series (18.1% versus 7.6%; P=0.0025).
Risk Factors for Hospital Death and Multivariable Analysis Model
A total of 56 (15.5%) patients died in hospital after surgery (Table 4) . Baseline characteristics and operative data of these patients and the corresponding endocarditis-related features (Table S1 ) were compared with those of survivors of the inhospital phase postsurgery (Tables S2 through S4) . Risk factor analysis for in-hospital death postsurgery for IE was performed. A multivariable model with 16 variables was created using all the variables with a P<0.1 by univariable analysis. BMI >27 kg/m 2 , estimated glomerular filtration rate (eGFR) <50 mL/min, New York Heart Association (NYHA) class IV, sPAP >55 mm Hg, and critical state were found to be independent predictors of postoperative in-hospital death (Tables 5 and 6 ).
The AEPEI Score: Performance and Validation
By multivariable analysis (Table 5 ), a new scoring system, the AEPEI score, was created to predict in-hospital mortality postsurgery for IE ( Table 6 ). The new score includes 5 variables and consists of 7 risk classes (Table 7) ; its performance is summarized in Tables 8 and 9 . In the study population, the AEPEI score had equivalent discriminatory power to that of the EuroSCORE II (P=0.4). It was found to be better than the logistic EuroSCORE (P=0.0026) and OPR score (P=0.065) and better than each of the 3 specific predictive systems (De Feo score, P=0.054, PALSUSE score, P=0.047, and STS risk score for IE; P=0.027), albeit without reaching statistical significance for the De Feo score (Figure 1 ). There was no difference in performance of the AEPEI score between the Italian and French series (P=0.37; Table 10 ). The logistic equation of the AEPEI final model was: (Table 6 ). All the AEPEI score variables remained significant by bootstrap internal validation (Table 11) . By external validation, there were no significant differences between expected and observed deaths (v 2 =2.7; 5 df; P=0.75; Table 12 ) and the discriminatory power of the score was confirmed to be good (AUC, 0.715; 95% CI, 0.638-0.783; Figure 2 ).
The Alternative 3-Variable AEPEI Score Model
According to the alternate multivariable model (Table 5 ), an alternate model of the AEPEI score was created (Table 6 ). This model includes 3 variables and consists of 4 risk classes (Table 7) . Its discriminatory power was equivalent to that of the original 5-variable model (P=0.49); calibration was slightly lower (Tables 8 and 13 ; Figure 3 ). There was no significant difference in the performance of the alternate model of the AEPEI score between the Italian and the French series (P=0.29; Table 10 ). The logistic equation of the alternate AEPEI model was: Table 6 ). The 3 variables of the alternate model of the AEPEI score remained significant by bootstrap internal validation (Table 14) . By external validation, there were no significant differences between expected and observed deaths (v 2 =2.1; 1 df; P=0.15; Table 15 ) and the discriminatory power of the score was satisfactory (AUC, 0.690; 95% CI, 0.613-0.761).
The AEPEI Incremented EuroSCORE II
The variable BMI >27 kg/m 2 was added to the EuroSCORE II.
The integrated discrimination improvement was 0.027 (P<0.01). The continuous net reclassification improvement was 0.13 (P=0.37).
The AIC Analysis
With 56 events and 16 variables in the initial logistic regression (with multiple categories that further increase the dimension), the initial model was severely overfit (Table 5 ). However, according to the AIC, 22 each predictive system that was considered in this study except EuroSCORE II was <0.0001 times as probable as the AEPEI score to minimize the information loss. The alternate AEPEI model was 0.0091 times as probable as the original AEPEI model to minimize the information loss (Table 8) .
Discussion
Based on analysis of perioperative data from 361 patients from 8 European centers of cardiac surgery, we devised a weighted scoring system to predict in-hospital mortality postsurgery for IE, namely the AEPEI score. The score is composed of only 5 variables and consists of 7 classes of risk. It was derived from a backward step-wise logistic regression model that was created to find the independent predictors of in-hospital death in this series of patients with IE. Although the variables of the model were chosen from a pool of baseline characteristics of the patients, surgical data, and endocarditis-related features, all the variables of the AEPEI score (BMI >27 kg/m 2 , eGFR <50 mL/min, NYHA class IV, sPAP >55 mm Hg, and critical state) refer to the patient's preoperative state and include an anthropometric measurement, a laboratory finding, an estimate of resting dyspnea, an invasive (or ultrasound) intracardiac pressure measurement, and a well-defined composite variable of events indicating the critical preoperative state of the patient. The goodness of fit of the statistical model was satisfactory and the score showed a good discriminatory power. Both internal and external validation of the AEPEI score were performed. The results of the validation procedures confirmed satisfactory calibration and discriminatory power of the score. In the study population, the AEPEI score performed better than 3 specific scoring systems for in-hospital (or 30-day) mortality postsurgery for IE that were considered [18] [19] [20] and was superior to 2 14, 16 of the 3 scoring systems for in-hospital (or 30-day) mortality after any cardiac operation that were used for comparison. These results were confirmed also according to a more-robust approach such as the AIC. 22 In addition, the AEPEI score is not intended only for native valve endocarditis, as is the De Feo score, 15 and the AEPEI score includes a composite variable, that is, critical state, similar to what applies in the PALSUSE and STS risk scores for IE. 18, 20 The AEPEI score was found to be equivalent to EuroSCORE II, which consists of 18 (simple and composite) variables and was modeled from a contemporary surgical cohort of 22 381 patients, including 497 (2.2%) with active IE. 5 The EuroSCORE II performance in estimating perioperative risk of patients undergoing surgery for IE has been evaluated by other investigators. Some researchers think that it underestimates post-cardiac surgery mortality in these patients 7 ; others have demonstrated poor calibration and comparatively poor discrimination of the system for emergency cardiac surgery. 8 Yet, others believe that the EuroSCORE II may be a useful and appropriate tool for estimating perioperative risk, even for IE patients, and that specific endocarditis features will increase model complexity without an unequivocal improvement in predictive ability. 6, 9 Consequently, there is a lack of consensus on this issue. To improve the EuroSCORE II performance in IE, we added the only variable present in the AEPEI score that is not in the EuroSCORE II (namely, BMI >27 kg/m 2 ).
Results showed that there was no added value to be derived from adding this variable to EuroSCORE II. Logistic Euro-SCORE showed a poor performance in the present study, even though other researchers have reported different results. 21 sPAP was the sole hemodynamic parameter that was considered for analysis, which can be evaluated by echocardiography when even a trivial tricuspid regurgitation is present. In the absence of any grade of tricuspid regurgitation, the PAP measurement requires right heart catheterization. The fact that this method is invasive and could be a port of entry for infection make some practitioners reluctant to perform it presurgery. We therefore created an alternate model of the AEPEI score by removing sPAP >55 mm Hg from the original set of variables on which the original score was based. This procedure generated a 3-variable predictive scoring system (eGFR <50 mL/min, NYHA class IV, and fungi and multidrug resistant Gram-negative bacteria. Although 3 surgical features (urgent priority, combined coronary surgery, and surgery on thoracic aorta) and 1 endocarditis-related feature (prosthetic valve endocarditis) were found to be related (P<0.1) to in-hospital death by univariable analysis, they were not confirmed as risk factors by multivariable analyses. Contrary to other previous risk prediction models, [4] [5] [6] [7] 14, 16 the variable "prosthetic valve endocarditis" was not found to be an independent risk factor for postoperative in-hospital death in either of the AEPEI scores. Our data do not provide any firm evidence to explain this discrepancy. No intraoperative features were associated with increased postoperative death, even when a composite variable, such as large intracardiac destruction, was considered. In our opinion, this is a strong point of the AEPEI score. Every practitioner is indeed well aware that results of combined cardiac operations in critically ill patients and the treatment of complex intracardiac lesions can be dependent on the surgeon's experience and expertise, which are both difficult to measure. Despite the existence of some differences between the Italian and French patients of the study, such as the preoperative characteristics of patients, surgical data, and endocarditis-related features, there was no significant difference in the discriminatory power of the AEPEI score between the 2 series of patients. Besides, the Italian series included patients operated on between 2000 and 2015. This could imply that the score works well even in populations of patients with different rates of comorbidities from other institutions, and operated on in different historical periods. Obviously, these hypotheses remain to be verified by new studies that take into consideration the impact on outcomes of the use of different surgical methods, different rates of use of surgical techniques, and different perioperative management of patients. Overall, the performance of the predictive models considered and derived from large populations of patients from North America, that is, STS risk score for IE and OPR score, was lower than the European models. This could stress the concept that outcomes postsurgery for IE are influenced by epidemiological features both of the patient and the involved pathogen.
Study Limitations
The primary limitation of the present study was the small size of the sample. Actually, because the study patients were only 361, it is not surprising that only 5 variables were significant upon multivariable modeling. There may be indeed insufficient power to determine higher dimensional models. However, this is a problem common also to 2 other existing scoring systems that are being used to predict early mortality postsurgery for IE, namely the PALSUSE and the De Feo score, 14, 16 and more generally to every predictive system of rare events occurring in patients having rare diseases. Although the present authors are aware that each score performs well in the data set in which it is fit, and the more-interesting comparison would be of the various scores in the external validation sample, this comparison was impossible because no other score than the AEPEI could be calculated in the validation sample with the available data. Because the pathogen was not identified in about 18% of cases, there is the possibility that some microorganisms were related to increased mortality rate postsurgery, especially because some infections may have been misclassified in terms of etiology because of the frequent rate of coinfections in endocarditis. This study did not evaluate the contribution to mortality risk of potentially important factors, such as antibiotic treatment and preoperative patient preparation. The impact of different strategies of myocardial protection and techniques, such as intraoperative ultrafiltration, on the risk of death was not taken into account.
Conclusions
Nonspecific scoring systems derived from large populations of patients are being used worldwide to predict adverse events after cardiac surgery, even in patients with IE. For this difficult subset of patients, however, risk stratification is of the utmost importance not only to aid the surgeon's decision making, but also to ensure true informed consent for patients and their family, and to allow comparative assessment of quality of care. Specific and simple predictive systems, such as the AEPEI score developed and validated here, could be useful to achieve these objectives. However, further larger validation studies are necessary before introducing the AEPEI score into the clinical practice.
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